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Abstract
Wireless sensor network (WSN) is drawing interest in various areas as they have great potential for many distributed applications
in diﬀerent scenarios. This paper demonstrates iSENSE, which provides a web-based sensor monitoring service and a sensor
network test-bed. iSENSE uses heterogeneous wireless sensors that are capable of measuring temperature, humidity and light.
Gateway nodes collect the sensed data from their respective network area and store the data in MySQL database for analysis and
visualization through a portal. Through the test-bed user can remotely submit a sensor application (programs written in NesC) for
compiling it using required softwares (TinyOS and NesC) and evaluating the performance of the application by downloading and
executing them on dedicated sensing devices which form the test-bed.
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1. Introduction
Wireless Sensor Network (WSN) [2] is a widely used technology for applications that collect and process data from
the physical world. It can be easily observed that most of the advanced applications of today’s world largely depend
on the Internet and scientists often dream for a world of Internet of Things [1]. In the monitoring services WSNs
has brought signiﬁcant beneﬁt than the wired solutions as they are more eﬃcient and ﬂexible. To make the WSNs
even more eﬃcient it must be integrated to the web for keeping track of the sensor readings anytime, anywhere by a
device which is able to browse the web. Earlier we had developed and deployed an indoor environment monitoring
system using Zigbee [3]. Then we expanded our work to deploying an IP based wireless sensor network [7]. In this
paper, we present a web-based sensor monitoring service using above mentioned IP based wireless sensor network.
Here we have implemented continuous sensor data monitoring instead of just request-reply data gathering. Also we
have integrated node mobility algorithms [9], [10]. These algorithms help users to monitor the sensors even when
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they are mobile and remain connected with the server. Handoﬀ of connections and re-establishing of routes are being
visualized in the portal and all the data are logged.
During our research in wireless sensor network, we felt that a researcher involved in developing and deploying the
sensor applications has to face diﬀerent types of challenges as re-programming sensor nodes and deploying them into
the physical environment for data gathering. This is a tedious and time-consuming task. So besides environment mon-
itoring we planned for a web-based WSN test-bed, which is a facility for executing sensor application in an existing
remote lab service. The test-bed can be used to deal with these challenges by oﬀering easy ways of programming
sensor nodes over the air. We have solved issues to deploy such a testbed.
Rest of the paper is organized as follows. In Section II, we discuss the architecture of the system. Section III provides
the implementation details of the system. In Section IV and V, we present sensor monitoring service andWSN Testbed
respectively. Finally, we conclude the paper with a direction for future work in section VI.
2. iSENSE Architecture
iSENSE is a web based and service oriented platform which is used basically for monitoring sensed data from
the WSN through a web portal. iSENSE can be used in several monitoring system. For example, in environmental
monitoring application, sensors sense environmental data like humidity, temperature, light etc. and forward the data
to the sink node which in turn sends to server (also referred as ’Gateway’) and stores the data in data-centre. Server
sends the data upon query by the remote client for monitoring purposes. The server also iSENSE platform can also
be used in health monitoring application, where sensors on patient body sense patient’s blood pressure, pulse rate etc.
The health professionals can monitor the data from remote locations.
2.1. Component Description
2.1.1. Wireless Sensor Network
This component is responsible for collecting the raw environmental data by sensing and transmitting them to the
server. Wireless network programming using NesC makes the task easier.
2.1.2. Gateway
Gateway performs two fold task in iSENSE platform. It creates a link between all the components of iSENSE.
Gateway collects sensed data from its network through sink node and sends that data to the iSENSE database. It also
forwards query from iSENSE to the WSN. Furthermore, Gateway handles the remote client’s requests of iSENSE
web page. The Gateway hosts the web application of the system. when the requests from a remote client comes in,
the Gateway executes the web application which is responsible for retrieving the data from the database located in the
Data Centre. After retrieving the data the Gateway processes it and transmits through a web page to the remote client.
2.1.3. Remote Client
Remote client is a necessary but external component to iSENSE. Any computer or device with a web browser that
is capable of accessing the Internet can be used as remote client of the system. It is used only as a user interface of
the Visualization subsystem. The clients typically communicate with the servers using HTTP protocol of WWW on
top of TCP to make a reliable communication.
Fig.1 provides the architecture of the system.
For the intended application, sensor nodes are deployed in the area of interest and form the WSN. Gateway node is
responsible for collection of data from its network which is stored in the iSENSE database. Through iSENSE portal
remote clients can visualise the gathered data.
There are three subsystems within iSENSE. They are,
• Data Acquisition Subsystem
• Storage Subsystem
• Visualization Subsystem.
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Fig. 1. Architecture of iSENSE
2.2. Data Acquisition Subsystem
This subsystem is used for collecting the environmental data which are further processed by the storage subsystem.
This is basically embedded system software for the sensor network. This subsystem makes use of the Sensor Network
Component.
2.3. Storage Subsystem
Storage subsystem receives data from the Data Acquisition Subsystem and stores the data in the Data Centre. This
subsystem composed of Gateway and Data Centre.
2.4. Visualization Subsystem
The focus of the visualization subsystem is to selectively present the collected environmental data to the end user
in tabular and graphical form. It is based on existing web interface for providing communications between the remote
client and the Data Centre.
3. Technologies Used
Before describing implementation of sensor monitoring service and testbed, we will brieﬂy discuss hardware and
software which are used in iSENSE.
3.1. Hardware
TelosB Motes : It is an open source platform designed to enable cutting-edge experimentation for the research
community. It bundles all the essentials into a single platform, including USB programming capability, an IEEE
802.15.4 compliant radio chip (CC2420) with integrated antenna, a 8 MHz TI MSP430 microcontroller with 10kB
RAM and 1MB external ﬂash for data logging Programming and data collection via USB. There is a sensor suite
including integrated light, temperature and humidity sensor. TelosB is preferred because it is easy to use and it
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consumes less power than other similar platforms. Thus, TelosB is suited to be used in platform for low power
research work on wireless sensor network experimentation [4].
3.2. Operating System
TinyOS : It is a light-wieght, open-source, ﬂexible, application speciﬁc, energy eﬃcient operating system devel-
oped by UC Berkeley which supports large scale, self-conﬁguring sensor networks [5]. The design of TinyOS focuses
on the operation needed by the ultra-low power wireless embedded sensor networks [8]. TinyOS is not a traditional
operating system. Traditional operating systems support broad range of applications, but are not actually suited for
small embedded devices. TinyOS provides a working environment on top of the traditional operating systems for the
sensor embedded in a data collection network.
NesC [6] (Network embedded systems C) is a component-based, event-driven programming language used to build
applications for the TinyOS platform. TinyOS applications and systems, libraries as well as the OS itself, are written
in the nesC language. It is built as an extension to the C programming language with components ”wired” together to
run applications on TinyOS. NesC has the component-based and event-based structure to facilitate the development
and implementation of wireless sensor network signiﬁcantly.
There are two types of components:
• Modules: Modules are components that have variables and executable code.
• Conﬁgurations: Conﬁgurations are components that wire other components together.
The TinyOS is installed onto Ubuntu 12.04.
3.3. Database
iSENSE uses MySQL(ver. 5.5.25a)database for storing all the related information. Diﬀerent database tables are
created for storing diﬀerent types of data like user related data, sensed data, testbed related data etc.
MySQL is the most popular Open Source Relational SQL database management system. MySQL is one of the best
RDBMS that is used for developing web based software applications. Administration of MySQL can be handled by
phpMyAdmin which is a free and open source tool written in PHP with the use of a web browser. Various tasks such
as creating, modifying or deleting databases, tables, ﬁelds or rows; executing SQL statements; or managing users and
permissions can be performed using this tool.
4. Sensor Monitoring Service
iSENSE web interface is designed by PHP which is used as server-side scripting language for web development
and dynamic web content generation. JavaScript is also used to allow the web pages to be interactive. iSENSE allows
the general user to view the following pages,
1. Home Page: It mainly describes iSENSE project and provides access to other functionalities of iSENSE.
2. Network Page: This page allows user to view the available sensor networks as shown in Fig 2(a). The ﬁgure
displays available sensor networks which are deployed in the School of Mobile Computing and Communication
(SMCC) building of Jadavpur University. and after choosing a particular network user can query a particular
sensor node.
Fig 2(b) displays real-time data from the wireless sensor network deployed in the 1st ﬂoor of SMCC building.
User just require to move the pointer over the desired node. In this page user can,
• Query a particular sensor node in an eﬃcient way.
• View the real-time binding of the mobile node to the sink node.
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Fig. 2. (a) Network Page; (b) Real-time data from Network
3. Query Page: Query page allows the user to browse the historical data of the sensor reading.
• First user has to select the desired sensor.
• Next the user selects the start and end date and time.
• Finally the user chooses the sensor parameter.
Fig. 3. (a) Query engine for historical sensed data; (b) Download sensed data
4. Services Page: Unique wireless sensor network test-bed for remotely compiling and executing sensor applica-
tions. Here, remote user uploads the application folder in compressed format to initiate the lab service.




Users are allowed to download the data in two ways by time period and by month.
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6. Feedback Page: The users of this portal are allowed to give comments on the experience of the portal through
this feedback page.
7. User Information Page: In this page user is provided with registration information. The user can change his/her
working password from this page.
There are two additional pages for administration of the system. These pages allow the addition and deletion of sen-
sors to and from the network.
We have tested iSENSE for environment monitoring. A wireless sensor network is deployed in the SMCC Building
Fig. 4. (a) Instance of query result; (b) Schematic diagram of iSENSE
of Jadavpur University. Sensor motes are deployed in this building at diﬀerent places like laboratory, class room,
seminar hall etc. The motes which continuously sense the weather data from the respective places. Also, data can be
gathered from mobile sensor devices. Several sink nodes receive the sensed data from its respective network which are
further processed by the gateway of the system. During the mobility of a sensor node, change of topology is reﬂected
in the network map. This gateway stores the data in the MySQL database for analysis and visualisation. iSENSE
always updates sink nodes of every sensor node. Thus uninterrupted sensor monitoring can be ensured.The schematic
diagram of the system is presented in Fig 4(b) below,
5. WSN Testbed
iSENSE is integrated with a wireless sensor network testbed. It is a web based testbed which allows the indoor
testing of WSN applications remotely. Developers may test and debug their TinyOS based applications using this
testbed. The testbed makes use of a dedicated WSN consisting TelosB devices installed in School of Mobile Comput-
ing & Communication. Users are required to upload TinyOS application through the portal and follow some simple
steps to get the result in the web browser. Fig5(a) shows an experimental set-up of the testbed.
Through the testbed service, a user can upload and compile the application remotely, install the application to a
dedicated WSN and execute the application to get results in the web browser.
5.1. Upload Application
A TinyOS application may be uploaded to the portal and number of sensor nodes are selected for compilation
(Fig5(b)).
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Fig. 5. (a) Experimental Setup; (b) Upload Application
5.2. Compile Application:
After successful uploading of the sensor application, the portal allows user to compile the code on the telosb
platform. If the program does not return error message, it is compiled successfully. Otherwise, compilation error will
be displayed on the portal. Both scenarios are shown in Fig 6(a) & Fig 6(b).
Fig. 6. (a) Compiled Successfuly; (b) Error in Compilation
5.3. Install Application:
User can install the application to the sensor motes through the portal only on successful compilation of the appli-
cation as in Fig.7(a). TelosB motes are used here. A failure of installation means all the dedicated sensor motes are
currently in use by other user.
5.4. Execute and display result:
The testbed allows user to execute the currently installed application and view the result in the browser window in
real-time. A sample result is displayed in Fig.7(b).
6. Conclusion and Future Work
This paper presents a remote environment monitoring system with the seamless integration of wireless sensor net-
work and the Internet. iSENSE is a simple but eﬃcient platform to host monitoring applications of WSN. Common
requirements of most of the monitoring applications are fulﬁlled by iSENSE. The iSENSE architecture provides a
platform for sensor data collection, storage and visualization. This research work demonstrates environment monitor-
ing application using iSENSE.
Furthermore, a remote test-bed for building and testing WSN applications through iSENSE is also implemented. This
service is useful to research community for experiment purpose. Through this service researchers can access the WSN
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Fig. 7. (a) Installed Successfuly; (b) Output sensor data
test-bed for evaluating their WSN applications and protocols.
Further improvements can be done to this platform. One important issue for improvement is security as enhanced
security is required to protect the sensed data. The database independency is also an issue for future improvement.
We will also focus on the development of a cost eﬀective large scale test-bed.
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